Inhibition of calcium-dependent NMDA receptor current rundown by calbindin-D28k.
NMDA receptors are regulated by several different calcium-dependent processes. To determine if the presence of the intracellular calcium-binding protein calbindin-D28k can influence the calcium regulation of NMDA receptor activity, human embryonic kidney 293 cells were co-transfected with cDNAs for NMDA receptor subunits and calbindin. Recordings were made using the nystatin perforated patch technique to preserve intracellular contents. When compared with control cells (transfected with cDNA encoding beta-galactosidase in place of calbindin), the presence of calbindin had no effect on either calcium-dependent inactivation or the calcium-sensitive, time-dependent increase in glycine-independent desensitization of NMDA receptor-mediated currents. However, the development of calcium-dependent rundown of peak glutamate-evoked current was slowed significantly in calbindin versus beta-galactosidase co-transfected cells. This result was true for cells transfected with either NR1/NR2A or NR1/NR2B subunits, although calbindin was relatively less effective at inhibiting rundown in NR1/NR2B-expressing cells. NMDA peak current rundown has been attributed to calcium-induced depolymerization of the actin cytoskeleton. Therefore, our results indicate that although calbindin may not influence calcium-dependent regulatory processes occurring very near the NMDA receptor channel, it appears to be more effective at buffering local elevations in intracellular calcium at the actin cytoskeleton.